Experimental section

Materials
Hexadecyltrimethylammonium bromide (CTAB, ≥99%), gold(III) chloride trihydrate (HAuCl 4 ·3H 2 O, 99.99%), sodium citrate tribasic dehydrate (citrate, ≥99%), sodium borohydride (NaBH 4 , ≥98%), L-ascorbic acid (AA, ≥99.0%), silver nitrate (≥AgNO 3 , 99.0%), and (3-aminopropyl)trimethoxysilane (APTMS, 97%) were purchased from Sigma-Aldrich. Sodium 2,2-dimethyl-isotope-2-silapentane-5-sulfonate (DSS) was were purchased from Peng Sheng Biological (Shanghai, China). All chemicals were used as received. Deionized water (18.2 MΩ) was used in all the experiments.
Synthesis of Gold Nanoparticles and Nanorods
The CTAB capped GNPs with average diameter less than 13 nm (8−13 nm) were synthesized based on the seed-mediated growth method reported by Murphy and co-workers. 1 The GNPs with sizes larger than 13 nm (13−43 nm) were obtained via the regrowth process to 13 nm GNPs by controlling the amount of HAuCl 4 and ascorbic acid in the regrowth solution. The citrate capped GNPs with a size of 13 nm were synthesized according to a reported method by Plech and co-worker. 2 The GNRs with an average length of 33.3 ± 2.95 nm and diameter of 7.05 ± 1.03 nm were prepared using the procedure reported by El-Sayed and co-workers. 3 
Attachment of HS-PEG on GNPs
The attachment of HS-PEG onto the surface of GNPs was achieved through the 
Quantification of grafting density by Multi-Lorentzian-Splitting Algorithm
For quantification the  of HS-PEG on the surface of GNPs in situ, we performed the algorithm of multi-Lorentzian-splitting to segregate the NMR peak of free PEG from the measured NMR spectra. Firstly, the measured 1 H NMR spectra need to be transformed into an ASCII text file by the software of 
SiO 2 Encapsulation of GNRs
The encapsulation of SiO 2 on GNRs was performed via TEOS hydrolysis. 4 Briefly, 6.0 μL of 20 wt.% TEOS in isopropanol was added in a 1. The mean length and diameter of the GNR@SiO 2 -NH 2 were 69.3 ± 5.94 and 44.1 ± 3.47 nm, respectively. The resultant GNR@SiO 2 -NH 2 was purified by three cycles of centrifugation at 8500 rpm for 15 mins with DI water.
Attachment of PEG Chains to the Surface of GNR@SiO 2
The attachment of PEG chains to the surface of 
Discussion 2. Calculation of the Molar Concentration of GNPs
The average diameter of GNPs was 12.74 ± 0.81 nm. The molar extinction coefficient (ε NP ) of the GNPs capped by citrate is 2.31×10 8 M -1 cm -1 calculated from a reported literature by Huo et al. 6 The light path length of the quartz cell was 0.10 cm.
Therefore, the concentration of GNPs was calculated with Beer-Lambert law:
2.31 × 10 GNPs and CTAB capped GNPs red-shifted from 520 to 522 and 525 nm, and their peak intensities were increased by 26% and 29%, respectively, upon the replacement of citrate by PVP and CTAB on the surface of NPs (Fig. S5a) . The zeta-potential of the GNPs changed from -21.1 to -8.1 and to 68.4 mV by replacing citrate with PVP and CTAB, respectively (Fig. S5b) . by the centrifugation at 8000 rpm for 15 min (It should be noted that this centrifugation rate is not high enough to remove PEG micelles from the reaction solution). The NMR peak of the supernatant (Fig. S14 and table S2 ) shows a halfwidth-at-half-maximum (υ) of 0.00150 almost as same with that of 0.00149 for pure PEG-silane molecules, indicating the protons on PEG molecules in the supernatant were in a similar dimension with that of pure PEG molecules. This was further approved by the DLS study, from which remained PEG molecules in the supernatant has a hydrodynamic radius of 3.67 nm similar with that of 2.89 nm for free PEGsilane. Additionally, in a controlled experiment without adding silica coated gold nanorods, both υ and integral of the NMR peak kept the same before and after hydrolysis reaction of PEG-silane, indicating the hydrolysis reaction can only graft on the surface of silica. Therefore, the formation of by-product PEG micelles during the hydrolysis of PEG-silane on SiO 2 encapsulated GNRs can be negligible and does not lead to overestimate or underestimate for the calculated grafting densities. 
